INTRODUCTION
============

During the last decade, there has been a worldwide increase in the incidence of sepsis.^[@B1],[@B2]^ This has led to a twofold increase in hospitalization rate (11.6 to 24.0 per 10,000 population).^[@B3]^ Although in recent years management of sepsis has improved survival, the overall mortality is still rising as the number of sepsis cases has been increasing.^[@B4],[@B5]^ According to the consensus definition of the American College of Chest Physicians (ACCP) and the Society of Critical Care Medicine (SCCM), sepsis is defined as a systemic inflammatory host response (SIRS) to infection and characterized by alterations in physiologic parameters such as temperature, heart rate, respiratory rate, mentation, etc.^[@B6]^ These changes in physiologic parameters are nonspecific in the clinical context and may manifest in many other non-infectious causes of SIRS such as trauma, burns, pancreatitis, etc. Recently, the Third International Consensus Definitions for Sepsis and Septic Shock (2017) has redefined sepsis as life-threatening organ dysfunction caused by a dysregulated host response to infection, as it has been now observed that the immune response in sepsis is more complex than just an inflammatory cytokine response.^[@B7]^ It has been observed that a subset of patients shows a predominant surge of anti-inflammatory cytokines but the initial clinical response is still guided by SIRS criteria.^[@B7]^

Differentiating between SIRS due to noninfectious causes and infection is a challenge, since both these conditions may have similar clinical features.^[@B8],[@B9]^ The gold standard is a positive bacterial culture, which has a sensitivity of less than 50%.^[@B10]^ Hence, there is a need to identify biomarkers that not only are more sensitive and specific but can also be performed quickly and cost-effectively. Review of published literature suggests procalcitonin (PCT) as a good biomarker which can differentiate patients with SIRS and sepsis and has been evaluated extensively.^[@B11]--[@B13]^ Procalcitonin is a precursor of the hormone calcitonin and is produced by parafollicular cells of thyroid and neuroendocrine cells of lungs and intestine. The levels of PCT rises in response to an inflammatory stimulus, especially of bacterial origin.^[@B12]^

A new biomarker, soluble urokinase-type plasminogen activator receptor (suPAR), demonstrated to have the ability to predict disease severity in bacteremia, ventilator-associated pneumonia, SIRS, and sepsis.^[@B14]--[@B16]^ The urokinase-type plasminogen activator receptor (uPAR) is a three-domain glycosylated protein (D1--D3) which binds to glycosylphosphatidylinositol (GPI) anchor on cell surface to release its soluble form, i.e., suPAR.^[@B17]^ Immunologically active cells, including neutrophils, lymphocytes, monocytes, and macrophages, all have roles in the pathogenesis of inflammation expressing uPAR.^[@B17]^ The soluble urokinase-type plasminogen activator receptor has chemotactic properties and is present in most biological fluids such as serum, plasma, and urine.^[@B14]^ Thus, systemic suPAR levels have been suggested as a novel prognostic marker of inflammation.^[@B18],[@B19]^ Multiple studies have documented the clinical relevance of systemic suPAR levels to predict outcome in patients with SIRS, sepsis, and septic shock.^[@B14]^

The aim of the present study was to determine the diagnostic and prognostic utility of suPAR in comparison to PCT in adult patients diagnosed with SIRS and sepsis admitted to the intensive care unit (ICU) at Sir Ganga Ram Hospital, New Delhi. This was a single-center study conducted over a period of 2.6 years.

MATERIALS AND METHODS
=====================

The study protocol was approved by institutional ethics committee (EC/02/15/788); and the prospective, observational, single-center study was conducted at Sir Ganga Ram Hospital, New Delhi (India), over a period of 2.6 years (September 2015 to March 2018).

Patients aged \>18 years suspected of having SIRS or sepsis (ACCP/SCCM definition) were enrolled in this study.^[@B6]^

Patients transferred from other ICUs, patients treated with antibiotics in the preceding 3 months; patients having any malignancy, immunocompromised patients, those with conditions that could prove lethal in the next 24 hours, and postoperative patients were not included in the study. Patients suffering from tropical diseases such as malaria, dengue, leptospira, and rickettsia or having bilateral pneumonia were also excluded.

Patient demographics, principal diagnosis, and related clinical parameters were recorded at the time of inclusion in the study. Acute physiology and chronic health evaluation score (APACHE II) at 24 hours were recorded for all the enrolled patients. Patient\'s sample was collected at three time points, i.e., day 1, day 3, and day 7. Patients were followed up for 30 days to document survival/mortality.

Sample Collection and Processing
--------------------------------

Blood samples for culture were taken in both aerobic and anaerobic BacT/Alert bottles and performed by BacT/Alert method (BioMerieux, Marcy l\'Etiole, France) on day 1 of admission to the ICU. Blood sample of 1 mL was collected in non-EDTA/plain vial for biomarker evaluation at three time points as described above. Samples were centrifuged at 2,000*g* for 10 minutes. After centrifugation, the serum samples were stored at −80°C until analysis. The soluble urokinase-type plasminogen activator receptor was measured using commercial solid-phase enzyme-linked immunosorbent assay (suPAR; ViroGates, Denmark). For PCT levels, signals emitted from an immune complex with time delay is measured using time-resolved amplified cryptate emission technology (Kryptor PCT; BRAHMS, Henningsdorf, Germany).

Classification of Patient Groups
--------------------------------

Based on the criteria of SIRS and sepsis, patients were classified as:

-   Group I (noninfectious SIRS): Patients with two or more signs of SIRS without any evidence of infection and diagnosed with recent onset of pancreatitis and trauma (within 24 hours) were included in this group.

-   Group II (sepsis group): Patients with two or more signs of SIRS and clinical suspicion of infection or culture-proven infections.

The diagnosis of bacterial infection in culture-negative patients was done based on the findings of a clinical focus of infection.^[@B7]^

-   Intra-abdominal infection was diagnosed in case of exudative ascitic tap with increased polymorphonuclear cell count.

-   Bacterial pneumonia was confirmed by X-ray showing lobar infiltrate.

-   Urosepsis was suspected with signs of urinary tract infection and with a raised leukocyte count in the urine (\>10 pus cells/high-power field) and signs of pyelonephritis by ultrasonography.

-   Cellulitis was diagnosed by the skin signs, i.e., lesions.

-   Puerperal sepsis was suspected in peripartum patients with signs of pelvic pain and abnormal or foul smelling vaginal discharge (presence of pus).^[@B7]^

Statistical Analysis
--------------------

Statistical Package for the Social Science (SPSS) version 17.0 was used to perform statistical testing. Continuous variables were presented as mean ± standard deviation (SD) or median (interquartile range, IQR) for nonnormally distributed data. Student\'s *t* test was done to compare normally distributed continuous variables between the groups. Mann--Whitney *U* test was performed for nonnormal distribution continuous variables. For categorical variables, Chi-square test or Fisher\'s exact test was used, and the results were expressed as frequencies and percentages as appropriate. A receiver--operating characteristic (ROC) analysis was calculated to determine the optimal cutoff value for suPAR and PCT. To analyze the diagnostic accuracy of the markers, AUC, sensitivity, specificity, positive predictive value (PPV), and NPV were calculated. For all statistical tests, a *p* value of \<0.05 is indicative of significant difference.

RESULTS
=======

The study was conducted in 88 patients prospectively. As explained in the methodology, enrolled patients were classified into two groups, namely, noninfectious SIRS (*n* = 29) and sepsis (*n* = 59) ([Flowchart 1](#FL1){ref-type="fig"}). Of the total patients enrolled, nearly 33% patients were noninfectious SIRS and 67% were sepsis. The demographic characteristics of the patients enrolled are shown in [Table 1](#T1){ref-type="table"}.

Characteristics of Patients Enrolled
------------------------------------

No significant age or gender difference was observed between the study groups ([Table 1](#T1){ref-type="table"}). Mean APACHE II score was significantly (*p* \< 0.001) higher in sepsis group (25.3) as compared to SIRS group (15.8). Also, the mortality in sepsis group (40.7%) was significantly higher as compared to SIRS group (13.8%; *p* = 0.001).

![Patients enrolled in the study](ijccm-24-245-g001){#FL1}

###### 

Demographics and outcome of the study patient groups

  *Characteristics*           *Group I (SIRS)*   *Group II (Sepsis)*   *p value*
  --------------------------- ------------------ --------------------- -----------
  No. of patients             29                 59                    --
  Sex, M/F                    20/9               40/19                 --
  Mean age (years/min--max)   37 (20--64)        58 (38--84)           NS
  Mortality, *n* (%)          4 (13.8%)          24 (40.7%)            0.001
  APACHE II, mean (range)     15.8 (5--48)       25.3 (9--47)          \<0.001

![Median values of soluble urokinase-type plasminogen activator receptor and procalcitonin](ijccm-24-245-g002){#F1}

![Receiver--operating characteristic curve for soluble urokinase-type plasminogen activator receptor and procalcitonin to differentiate sepsis from systemic inflammation response syndrome](ijccm-24-245-g003){#F2}

![Source of infection in the enrolled patients](ijccm-24-245-g004){#F3}

Source of Infection
-------------------

The major sources of infection were respiratory tract (37.3%), abdominal (23.7%), bloodstream (17.9%), and urinary tract (11.9%) ([Fig. 1](#F1){ref-type="fig"}). Ten percent of the patients had more than one source of infection.

Serum Levels of suPAR and PCT in Study Groups
---------------------------------------------

The levels of suPAR and PCT were measured in all the enrolled patients on the day of admission (day 1), day 3, and day 7. The median PCT value on day 1 was significantly higher (*p* \< 0.001) in the sepsis group (32.78 ng/mL) as compared to SIRS group (1.17 ng/mL). Similarly, day 1 median suPAR values were significantly higher in sepsis group (19.54 pg/mL) as compared to SIRS (4.2 pg/mL) (*p* = 0.05) ([Fig. 2](#F2){ref-type="fig"}). Thus, both PCT and suPAR were able to distinguish between sepsis and SIRS on day 1.

Discriminative Performance of suPAR and PCT to Diagnose Sepsis
--------------------------------------------------------------

The ROC curve analysis was performed for suPAR and PCT for prediction of sepsis ([Fig. 3](#F3){ref-type="fig"}). The AUC for suPAR (day 1) and PCT (day 1) were 0.89 and 0.82, respectively. For suPAR, the optimal cutoff point was 5.58 with a sensitivity of 96%, NPV of 90%, and accuracy of 82.05%. The best cutoff for PCT was 1.96 with a sensitivity of 93.1%, NPV of 73.4%, and accuracy of 79.4%. Both the markers were sensitive enough to predict sepsis; however, suPAR was statistically a more accurate marker for the diagnosis of sepsis. Similar trends were observed in the levels of suPAR and PCT collected on day 3 ([Table 2](#T2){ref-type="table"}). On day 3, suPAR was statistically slightly better at differentiating sepsis from SIRS ([Table 2](#T2){ref-type="table"}).

###### 

Diagnostic performance of soluble urokinase-type plasminogen activator receptor and procalcitonin in differentiating sepsis and systemic inflammation response syndrome

  *Variable*      *Cutoff*   *AUC*   *Sensitivity (%)*   *Specificity (%)*   *PPV (%)*   *NPV (%)*   *Accuracy (%)*
  --------------- ---------- ------- ------------------- ------------------- ----------- ----------- ----------------
  PCT @ day 1     1.96       0.82    93.1                53.33               79.41       80.0        79.55
  suPAR @ day 1   5.58       0.89    96                  60.00               79.31       90.00       82.05

###### 

Prognostic values of soluble urokinase-type plasminogen activator receptor and procalcitonin in systemic inflammation response syndrome group

  *SIRS*      *Survivors*                                *Nonsurvivors*         *p value*
  ----------- ------------------------------------------ ---------------------- ----------------------------------------
  PCT D1      1.18 (0.2--4.46)                           3.11 (0.31--5.99)      0.793
  PCT D3      0.80 (0.40--3.02)                          1.21 (0.09--2.38)      0.431
  PCT D7      0.5 (0.2--0.68)                            36.86 (3.45--70.07)    0.003[\*](#TF3-1){ref-type="table-fn"}
  *p* value   \<0.001[\*](#TF3-1){ref-type="table-fn"}   0.050                  
  suPAR D1    4.20 (2.69--9.56)                          19.20 (2.48--36.15)    0.470
  suPAR D3    3.73 (2.28--8.89)                          12.55 (2.42--21.22)    0.280
  suPAR D7    4.21 (3.11--8.70)                          24.83 (15.65--25.90)   0.009[\*](#TF3-1){ref-type="table-fn"}
  *p* value   0.276                                      0.607                  

Highly significant

###### 

Prognostic values of soluble urokinase-type plasminogen activator receptor and procalcitonin in sepsis group

  *Sepsis*    *Survivors*                                  *Nonsurvivors*                             *p value*
  ----------- -------------------------------------------- ------------------------------------------ --------------------------------------------
  PCT D1      22.93 (7.11--47.56)                          36.24 (9.48--104.64)                       0.210
  PCT D3      6.24 (2.23--20.96)                           33.45 (4.03--109.88)                       0.004[\*\*](#TF4-1){ref-type="table-fn"}
  PCT D7      1.20 (0.65--3.68)                            28.04 (12.04--53.45)                       \<0.001[\*\*](#TF4-1){ref-type="table-fn"}
  *p* value   \<0.001[\*\*](#TF4-1){ref-type="table-fn"}   0.006[\*\*](#TF4-1){ref-type="table-fn"}   
  suPAR D1    12.20 (7.12--23.03)                          28.66 (14.84--38.55)                       0.003[\*\*](#TF4-1){ref-type="table-fn"}
  suPAR D3    9.55 (6.98--15.38)                           22.08 (13.24--21.94)                       \<0.001[\*\*](#TF4-1){ref-type="table-fn"}
  suPAR D7    13.19 (7.39--18.20)                          19.13 (10.19--28.83)                       0.022\*
  *p* value   0.452                                        0.104                                      

Highly significant

###### 

Prognostic ability of soluble urokinase-type plasminogen activator receptor to distinguish between survivors and nonsurvivors in sepsis group

  *Sepsis*   *AUC*   *suPAR Cut off*   *Sensitivity (%)*   *Specificity (%)*   *PPV (%)*   *NPV (%)*   *Accuracy (%)*   *p value*
  ---------- ------- ----------------- ------------------- ------------------- ----------- ----------- ---------------- -----------
  Day 1      0.741   30.2              50.0                88.6                73.3        73.8        73.7             0.002
  Day 3      0.805   9.77              100.0               52.80               54.05       100.0       69.6             \<0.001
  Day 7      0.684   18.36             55.0                80.0                61.1        75.7        70.9             0.008

Prognostic Values of suPAR and PCT to Predict Mortality in SIRS
---------------------------------------------------------------

On analyzing the suPAR values, we observed no difference in median values from day 1 to day 7 in both survivors (*p* = 0.276) and nonsurvivors (*p* = 0.607) ([Table 3](#T3){ref-type="table"}). A significant decrease in the median PCT levels was observed in survivors (*p* = 0.001) from day 1 (1.18 ng/mL, IQR = 0.2 to 4.46) to day 7 (0.5 ng/mL; IQR = 0.2 to 0.68) and a sharp increase (*p* = 0.05) in the median PCT values from day 1 (3.11 ng/mL (IQR = 0.31 to 5.99) to day 7 (36.86 ng/mL; IQR = 3.45 to 70.07) in nonsurvivors of SIRS group (*p* = 0.05). The trends of median values for both suPAR and PCT suggest that PCT had a better prognostic value for predicting nonsurvivors in SIRS group. On day 7, a significant increase in the median suPAR (*p* = 0.009) and PCT (*p* = 0.003) levels was observed in nonsurvivors as compared to survivors.

Prognostic Values of suPAR and PCT to Predict Mortality in Sepsis
-----------------------------------------------------------------

In the case of sepsis, no significant difference (*p* = 0.45) was observed in the median suPAR values from day 1 (12.2 pg/mL; IQR = 7.12 to 23.03) to day 7 (13.19 pg/mL, IQR = 7.39 to 18.2) among survivors, whereas a decrease was observed in the median values of suPAR from 28.66 pg/mL (IQR = 14.84 to 38.55) on day 1 to 19.13 pg/mL (IQR = 10.19 to 28.83) on day 7 in nonsurvivors, though it did not reach statistical significance ([Table 4](#T4){ref-type="table"}). It was observed that the suPAR values were significantly higher at all three time points (day 1, *p* = 0.003; day 3, *p* \< 0.001; and day 7, *p* = 0.022) in nonsurvivors as compared to survivors.

Similar trends in the median PCT values were observed in survivors and nonsurvivors. The median PCT levels decreased significantly from day 1 to day 7 in both survivors (*p* \< 0.001) and nonsurvivors (*p* = 0.006), but the PCT levels remained significantly higher in nonsurvivors as compared to survivors on day 3 (*p* = 0.004) and day 7 (\<0.001).

Median values of suPAR at all the time points (day 1, day 3, and day 7) were significant in distinguishing the nonsurvivors from the survivors. The accuracy of suPAR at day 1 (*p* = 0.002), day 3 (*p* \< 0.001), and day 7 (*p* = 0.008) was 73.7%, 69.6%, and 70.9%, respectively. The NPV of suPAR was 73.8%, 100%, and 75.7% on day 1, day 3, and day 7, respectively ([Table 5](#T5){ref-type="table"}).

The median values of PCT on day 3 and day 7 were highly significant in identifying nonsurvivors in the sepsis groups. For PCT, a cutoff value of 16.93 ng/mL on day 3 (*p* = 0.001) had a specificity and NPV of 72.2% and 81.3%, respectively, to predict mortality. On day 7, at a cutoff value of 11.62 ng/mL, PCT (*p* \< 0.001) had a specificity and NPV of 97.2% and 89.7%, respectively, to predict mortality ([Table 6](#T6){ref-type="table"}). Although there was a difference in the median values of PCT on day 1 to differentiate survivors from nonsurvivors among sepsis patients, it did not reach statistical significance.

DISCUSSION
==========

Sepsis is a life-threatening clinical syndrome characterized by a dysregulated host response to infections with nonspecific clinical symptoms.^[@B5]^ The dysregulated inflammatory responses involve the activation of proinflammatory and anti-inflammatory cellular and humoral responses affecting organ function in sepsis. Early diagnosis of sepsis is important to rapidly implement appropriate therapy, which is directly associated with clinical outcomes.

###### 

Prognostic ability of procalcitonin to distinguish between survivors and nonsurvivors in sepsis group

  *Sepsis*   *AUC*   *PCT cutoff*   *Sensitivity (%)*   *Specificity (%)*   *PPV (%)*   *NPV (%)*   *Accuracy (%)*   *p value*
  ---------- ------- -------------- ------------------- ------------------- ----------- ----------- ---------------- -----------
  Day 1      0.597   23.25          70.8                52.8                50.0        73.1        60.0             0.071
  Day 3      0.728   16.93          72.7                72.20               61.54       81.3        72.4             0.001
  Day 7      0.895   11.62          81.8                97.2                94.7        89.7        91.4             \<0.001

The gold standard to diagnose infection is bacterial culture, which is positive in less than 50% of cases of sepsis (8) and it takes 24 to 48 hours. Despite adequate improvements in diagnostic techniques, it is still a challenge to differentiate between sepsis and SIRS early. These patients are primarily diagnosed by clinical acumen based on very subjective criteria. Thus, identifying a marker that can differentiate between sepsis, particularly culture-negative sepsis, and noninfectious SIRS is the need of the hour. Early and better diagnostic and prognostic markers will aid the clinicians in taking appropriate clinical decisions. As evidence has shown, giving early antibiotics (within 1 hour) in sepsis patients improves outcome significantly.^[@B20]^ Recently, many new biomarkers such as PCT, suPAR, interleukin (IL)-27, macrophage migration inhibitory factor (MIF), and galectin-3 have been evaluated for their diagnostic and prognostic ability in management of sepsis either as independent diagnostic/prognostic biomarkers or as a combination of biomarkers.^[@B9],[@B21]--[@B23]^

Procalcitonin is a peptide precursor of hormone calcitonin consisting of 116 amino acids (molecular weight, 13 kD).^[@B24]^ It is synthesized by the C-cells of thyroid gland and remains undetectable in healthy individuals. Assicot et al. were the first to report abnormally raised PCT levels in patients with bacterial infections.^[@B25]^ In healthy volunteers, high PCT levels were detected in plasma 2 to 3 hours after endotoxin injection. The half-life of PCT in serum is 25 to 30 hours.^[@B26]^

The suPAR is the soluble form of the uPAR, a three-domain receptor mainly expressed on immune cells, including neutrophils, activated T-cells, and macrophages.^[@B14]^ The levels of suPAR were found to be elevated in several pathological conditions such as sepsis, bacteremia, malaria, tuberculosis, HIV infection, central nervous system infections, etc.^[@B15]--[@B18]^ Published literature has acknowledged suPAR as a marker to predict sepsis; however, it is also known to be relatively nonspecific. Our study evaluates the diagnostic and prognostic ability of serum PCT and suPAR in identifying sepsis patients and their value in prognostication.

The APACHE II score is an indicator of severity of illness and the risk of mortality in critically ill patients. In the current study, we observed that APACHE II scores were significantly higher in sepsis (*p* \< 0.001) group as compared with SIRS. The mortality rate was also significantly higher in the sepsis group. This was similar to the results of Phua et al. and Kumar et al. who reported higher mortality in sepsis patients as compared to noninfective SIRS.^[@B20],[@B27]^

We observed a significant increase in both suPAR and PCT in the sepsis group. Several immune cells are activated in sepsis, thereby resulting in a highly inflammatory condition. These activated immune cells release both suPAR and PCT which is reflected in our study. Our study results were in agreement with those reported by Mölkänen et al.^[@B28]^ and Sehestedt et al.^[@B29]^

The ROC analysis between sepsis and SIRS patients demonstrated a slightly superior AUC for suPAR in diagnosing sepsis than PCT on day 1. The sensitivity of suPAR at an optimum cutoff value of 5.58 pg/mL was 96% with an NPV of 90%. For PCT at a cutoff value of 1.96 ng/mL, the sensitivity and NPV were comparatively lower (93% and 80%, respectively). Kofoed et al. and Sehestedt et al. found similar results, wherein suPAR showed higher sensitivity in patients with sepsis and SIRS.^[@B29],[@B30]^

A clinical trial TRIAGE III was carried out to assess the prognostic value of suPAR. The trial did not find any significant correlation between increased level of suPAR and mortality.^[@B31]^ Our study correlates the declining trends in PCT (*p* \< 0.001) with better prognostication than the trends in suPAR to predict survivors in SIRS (*p* = 0.276) and sepsis (*p* = 0.452).

Our data suggest suPAR to have a statistically better diagnostic ability in predicting sepsis over PCT. On the contrary, the PCT trend showed a better prognostic value to predict mortality in patients with sepsis and SIRS.

Hence, both suPAR and PCT can be used in addition to culture reports to improve outcome in sepsis by early initiation of antibiotics and resuscitation. On the contrary, both these biomarkers could reduce the inappropriate use of antibiotics in noninfective SIRS. Further, suPAR and PCT assays are simple to perform, provide quick results, and can be carried out in most modern healthcare establishments. The sensitivity and NPV of both suPAR and PCT suggest that they can be useful markers that can guide early, accurate, and rapid differentiation of sepsis from noninfective SIRS, much before the availability of culture reports. Further, a sequential analysis of PCT levels at various time points in sepsis can aid in understanding the severity and outcome of the disease.

The strength of our study was the stringent inclusion and exclusion criteria to enroll patients that clearly delineated the two groups under study. For sepsis, only those patients with fresh episodes having no history of previous hospital stay or antibiotic therapy in the last 3 months; and for SIRS, patients with trauma or pancreatitis in the last 24 hours were enrolled. The limitation of this study is that it is a single-center study without a very large number of patients. A multicenter study will enable validation of our findings.

CONCLUSION
==========

Our findings suggest that both suPAR and PCT can be used as potential test tools to differentiate between SIRS and sepsis. Both suPAR and PCT can help in the clinical setting by accurately and sensitively differentiating sepsis from SIRS, thereby improving outcomes in sepsis by early initiation of antibiotics and resuscitation. It would also help in reducing inappropriate antibiotic use in noninfective SIRS. Their ability to predict disease progression would help the clinicians to prognosticate outcomes. Larger multicenter trials are required to corroborate our findings.

CLINICAL SIGNIFICANCES
======================

Surrogate biomarkers such as suPAR and PCT may aid in better distinction of sepsis from SIRS. Our study showed PCT to have a significant prognostic trend to identify nonsurvivors. This can help clinicians to identify the patients at greater risk. Also, the use of biomarkers such as PCT and suPAR could reduce the inappropriate use of antibiotics in noninfective SIRS.
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